A novel Gram-positive-staining, strictly aerobic and heterotrophic bacterium, designated strain LL-002 T , was isolated from organics-and methane-rich seafloor sediment at a depth of 100 m in Kagoshima Bay, Kagoshima, Japan. Colonies were lustreless and translucent white in colour. The temperature, pH and salt concentration ranges for growth were 10-30 8C, pH 6.0-6.5 and 0-1 % (w/v) NaCl. Phylogenetic analysis based on 16S rRNA gene sequences confirmed that strain LL-002 T belongs to the genus Aneurinibacillus of the family Paenibacillaceae. 16S rRNA gene sequence similarities between strain LL-002 T and the type strains of species of the genus Aneurinibacillus were 92.8-95.7 %; the highest sequence identity was with the type strain of Aneurinibacillus migulanus. The DNA G+C content of strain LL-002 T was 46.2 mol%. MK-7
the type strains of the other species of the genus Aneurinibacillus, the level of hybridization was 6.3-30.1 %. On the basis of its biological features and the 16S rRNA gene sequence comparison presented here, strain T is considered to represent a novel species of the genus Aneurinibacillus, for which the name Aneurinibacillus tyrosinisolvens sp. nov. is proposed; the type strain is LL-002 T (5NBRC 110097 T 5CECT 8536 T ).
Bacillus aneurinolyticus was described as a thiaminedecomposing bacterium by Aoyama (1952) and the description of the species was revised by Shida et al. (1994) . Aneurinibacillus and Brevibacillus were established as new genera arising from the reclassification of the Bacillus aneurinolyticus and Bacillus brevis groups, based on polyphasic taxonomic analyses (Shida et al., 1996) . At the time of writing, six species have been described in the genus Aneurinibacillus with validly published names [Aneurinibacillus aneurinilyticus (Aoyama, 1952; Shida et al., 1994 Shida et al., , 1996 Heyndrickx et al., 1997) , A. migulanus (Takagi et al., 1993; Shida et al., 1996; Heyndrickx et al., 1997) , A. danicus (Goto et al., 2004) , A. thermoaerophilus (Meier-Stauffer et al., 1996; Heyndrickx et al., 1997) , A. terranovensis (Allan et al., 2005) and A. soli (Lee et al., 2014) ] and 20 species have been assigned to the genus Brevibacillus. The genus Aneurinibacillus is closely related to the genus Brevibacillus, and it is difficult to distinguish species of the two genera by biochemical and chemotaxonomic assays and molecular analysis such as amplified rRNA gene restriction analysis (Logan et al., 2002) . However, the sequence of the 59 hypervariable region of the 16S rRNA gene (nucleotide positions 70-344; Bacillus subtilis numbering) has proven to be a useful marker for rapid identification and grouping of species of Aneurinibacillus and Brevibacillus (Goto et al., 2004) .
During our investigation of the microbial community structure in the organics-and methane-rich seafloor sediment from Kagoshima Bay (ROV Hyper-Dolphin dive #1367; 105 m depth, 318 39.7469 N 1308 48.0509 E), we encountered a hitherto-unknown short rod-shaped and endospore-forming bacterium, which was viewed as representing a novel species of the genus Aneurinibacillus. We propose herein a novel species affiliated to the genus Aneurinibacillus on the basis of phylogenetic and polyphasic biochemical studies.
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Sediment subsamples (0.1 g) were suspended in 5 ml artificial seawater (Nihon Pharmaceutical; cat. no. 395-01343) containing 10 % (w/v) nutrient broth (Difco). The suspension was incubated at 25 8C for 1 month for enrichment of mesophilic bacteria. The enriched cell suspension was spread onto 1.5 % (w/v) agar plates containing basal seawater [BSW-4; 0.16artificial seawater and 10 % (w/v) nutrient broth], the plates were incubated at 25 8C for 1 week and strain LL-002 T was then isolated from the plates. The morphological, physiological and biochemical characteristics of strain LL-002 T were investigated using routine cultivation on BSW-4 agar plates at 25 8C.
Genomic DNA of strain LL-002
T was extracted and purified according to Wilson (1987) . The 16S rRNA gene was amplified and sequenced as described previously (Tsubouchi et al., 2013) ; a nearly complete 16S rRNA gene sequence (1458 nt) was determined. A preliminary BLAST search against GenBank showed that the isolate was related to members of the genus Aneurinibacillus. Multiple sequence alignment was performed using ARB software (Ludwig et al., 2004; Kumar et al., 2005 Kumar et al., , 2006 , considering the secondary structure of the 16S rRNA. Phylogenetic analyses were carried out by using the maximum-likelihood method (Felsenstein, 1981) , the neighbour-joining method (Saitou & Nei, 1987 ) with the substitution model of Jukes & Cantor (1969) and the maximum-parsimony method (Fitch, 1971) . A phylogenetic tree was reconstructed using the general time-reversible model (Tavaré, 1986) with Paenibacillus polymyxa IAM 13419 T as an outgroup. A bootstrap analysis (Felsenstein, 1985) was performed with 1000 resampled datasets to estimate tree topology (Fig. 1) . The maximum-likelihood tree based on 16S rRNA gene sequences indicated that strain LL-002 T belongs to the genus Aneurinibacillus and is closely related to A. terranovensis LMG 22483 T . Essentially, the same tree topologies were obtained with the neighbour-joining and maximum-parsimony algorithms. Pairwise 16S rRNA gene sequence similarities between strain LL-002 T and the other members of the genus Aneurinibacillus were as follows: A. DNA-DNA hybridization experiments between strain LL-002 T and its closest phylogenetic neighbours were performed with photobiotin-labelled probes in microplate wells as described by Ezaki et al. (1989) using a 1420 Multilabel Counter (Perkin Elmer) for fluorescence measurements. The hybridization temperature was 43.2 8C and reciprocal experiments were performed for each pair of strains. The mean hybridization relatedness values between strain LL-002
T and the type strains of the six species of the genus Aneurinibacillus were 6.3-30.1 % (Table S1 , available in the online Supplementary Material). This suggested that the isolate could be assigned to a novel species of the genus Aneurinibacillus, according to recognized criteria for the delineation of bacterial species (Wayne et al., 1987) . The G+C content of the genomic DNA of strain LL-002 T was determined by using an HPLC instrument (Waters 600 series; Nihon Waters) (Mesbah et al., 1989) equipped with a Cosmosil 5C 18 -PAQ column (4.66150 mm; Nacalai Tesque) and was found to be 46.2 mol%.
Cell morphology was observed under a light microscope equipped with phase-contrast optics (magnification6400) (Olympus). Gram staining was carried out using a Gram stain kit (Wako) according to the manufacturer's instructions. Motility was assayed using a semi-solid BSW-4 agar tube supplemented with 0.3 % agar. Cells were inoculated by stabbing with a straight needle and the tube was incubated at 25 8C for 5 days. Transmission electron microscopy of negatively stained cells was conducted as described by Nogi et al. (1998) . Cells were fixed by the rapid freezing and freeze substitution method (Yamaguchi et al., 2009) . These ultrathin sections were cut and stained with uranyl acetate and lead stain solution (SigmaAldrich), and sections were then observed in a transmission electron microscope (Tecnai 20; FEI) at an acceleration voltage of 120 kV. Cells of strain LL-002 T in the mid-exponential phase of growth in BSW-4 at 25 8C were used for electron microscopic observations. Growth at 4, 10, 14, 18, 20, 25, 30, 35, 40, 45, 50, 55 and 60 8C, at pH 3-10 (at intervals of 0.5 pH units) and at 0-10 % (w/v) NaCl (at intervals of 1.0 %) was tested on modified BSW-4 agar plates. The 0 % NaCl condition was prepared by making the artificial seawater according to the manufacturer's composition but without NaCl. Growth under anaerobic conditions was determined on BSW-4 and BSW-4 supplemented with nitrate, both of which had been prepared anaerobically under an anoxic nitrogen atmosphere, in an anaerobic chamber.
Hydrolysis of casein, starch (Smibert & Krieg, 1994) , Tween 20, xanthine, hypoxanthine (Barrow & Feltham, 1993) , CM-cellulose (Rautela & Cowling, 1966) , aesculin (Swan, 1954) , xanthine and hypoxanthine (Barrow & Feltham, 1993) (Barrow & Feltham, 1993) . Assimilation of various substrates was examined using a Biolog GP2 MicroPlate assay according to the manufacturer's instructions. Acid production from carbohydrates was tested using API50 CH (with CHB/E medium) according to the instructions of the manufacturer (bioMérieux). Other physiological and biochemical properties were tested using the API 20NE kit (bioMérieux). Catalase activity was evaluated by observing oxygen bubble production in a 3 % (v/v) aqueous hydrogen peroxide solution. To assay enzyme activities, API ZYM tests (bioMérieux) were performed. Sensitivity to antibiotics was checked on BSW-4 plates using antibiotic discs (Becton, Dickinson and Company) containing (mg per disc unless otherwise stated): penicillin . Data were obtained in this study. ++, Strongly positive; +, positive; W, weakly positive; 2, negative; NG, no growth. All strains were motile, produced ellipsoidal spores and were positive for esterase (C4). All strains were negative for indole production, activities of a-galactosidase, N-acetyl-b-glucosaminidase and a-fucosidase and acid production from maltose and lactose. Growth of strain LL-002 T was observed at 10-30 8C, with the optimum growth temperature being 25 8C, at pH 6.0-6.5, with the optimum at pH 6.0, and at 0-1 % (w/v) NaCl. Cells of strain LL-002
T were approximately 2.0-6.3 mm long by 0.5-1.0 mm wide, motile with peritrichous flagella (Fig. S1a) , Gram-positive-staining and forming an endospore in a swollen sporangium (Fig. S1b, c) . The strain was catalase-positive but oxidase-negative. Anaerobic growth was not observed after 2 weeks of cultivation in BSW-4 at 25 8C. The strain reduced nitrate to nitrite and produced nitrogen gas. A comparison of characters of strain LL-002 T with those of the type strains of the six species of the genus Aneurinibacillus is given in Table 1 . The results for oxidation of various substrates examined using a Biolog GP2 MicroPlate assay are presented in Table S2 .
The chemotaxonomic characteristics of strain LL-002
T and its phylogenetic neighbours were determined using cells cultured in BSW-4 liquid medium at the exponential phase of growth at an appropriate temperature and harvested. Isoprenoid quinones, polar lipids and cellular fatty acids of strain LL-002 T were analysed according to the methods described by Bligh & Dyer (1959) , Minnikin et al. (1977 Minnikin et al. ( , 1984 , Kroppenstedt (1985) and Nishijima et al. (1997) and compared to the data from the reference strains. Isoprenoid quinones were analysed using an HPLC system (Waters 600 series; Nihon Waters) with a Cosmosil 5C 18 -PAQ (4.66150 mm) column (Nacalai Tesque). Polar lipids were separated by two-dimensional TLC with an aluminium-backed silica gel plate (Merck no. 5514) in solvent systems described by Tsubouchi et al. (2013) . The polar lipid composition was compared with those of the six reference strains. For detection, iodine and molybdatophosphoric acid for total lipids, Dittmer-Lester reagent for phosphorus, ninhydrin reagent for the amino group, Dragendorff reagent for quaternary nitrogen (all from Merck), a-naphthol for glycolipids and periodate-Schiff reagent for glycerolipids were used. Images of TLC chromatograms were digitally scanned and areas and intensities of the spots were analysed using ImageJ software (http://rsbweb. nih.gov/ij/). Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification system (version 6.0; MIDI) and the fatty acid methyl ester profile was then determined by gas chromatography by referencing the TSBA6 Microbial Identification System (MIS) standard library. Peptidoglycans were prepared after cell breakage by shaking with glass beads and subsequent trypsin digestion and purified according to the method of Schleifer (1985) . The amino acids in cell-wall hydrolysates were examined by two-dimensional ascending TLC on cellulose plates using a solvent system as described by Schleifer (1985) . The molar ratios of amino acids were determined by GC-MS after modification as N-heptafluorobutyryl amino acid isobutyl esters (MacKenzie, 1987; Groth et al., 1996) .
The predominant menaquinone of strain LL-002
T was MK-7. The polar lipid pattern of strain LL-002
T consisted of phosphatidyl-N-methylethanolamine (25.3 %), diphosphatidylglycerol (20.9 %), phosphatidylglycerol (14.2 %), phosphatidylethanolamine (2.8 %), two unidentified glycophospholipids (UGPL1, 12.4 %; UGPL2, 18.0 %), an unidentified phospholipid (4.0 %) and an unidentified lipid (2.4 %) (Table S3 and Fig. S2 ). The cellular fatty acid profile of LL-002
T consisted of iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 , anteiso-C 16 : 0 and iso-C 17 : 0 as major components (39.96, 25.82, 5.59, 7.09 and 7.16 %, respectively) . Additionally, cellular fatty acid analysis revealed the presence of a number of minor components. This cellular fatty acid profile of strain LL-002
T was a typical pattern for the genus Aneurinibacillus (Shida et al., 1994 (Shida et al., , 1996 Meier-Stauffer et al., 1996; Heyndrickx et al., 1997; Goto et al., 2004; Allan et al., 2005) . The fatty acid profiles of strain LL-002 T and the six reference strains are given in Table S3 . The total hydrolysate (4 M HCl, 100 8C for 16 h) of the peptidoglycan preparation of strain LL-002 T contained meso-diaminopimelic acid (meso-DAP), alanine, glycine and glutamic acid in a molar ratio of 0.9 : 2.7 : 0.9 : 1.0, and muramic acid and glucosamine were detected. Additionally, the partial hydrolysate (4 M HCl, 100 8C for 0.75 h) contained the peptide L-Ala-DGlu. These results indicated that strain LL-002
T showed a peptidoglycan of type A1c (Schleifer & Kandler, 1972) .
On the basis of its phenotypic, physiological and chemotaxonomic characteristics, in addition to the phylogeny based on 16S rRNA gene sequence analysis and genomic DNA-DNA relatedness experiments presented here, strain LL-002 T represents a novel species of the genus Aneurinibacillus, for which the name Aneurinibacillus tyrosinisolvens sp. nov. is proposed.
Description of Aneurinibacillus tyrosinisolvens sp. nov.
Aneurinibacillus tyrosinisolvens (ty.ro.si.ni.sol9vens. N.L. neut. n. tyrosinum tyrosine; L. part. adj. solvens dissolving; N.L. part. adj. tyrosinisolvens tyrosine-dissolving).
Cells are Gram-positive-staining, strictly aerobic, heterotrophic, approx. 2.0-6.3 mm long and 0.5-1.0 mm wide. Colonies on BSW-4 agar plates after incubation for 1 week are lustreless and translucent white in colour. Oxidase activity is negative, while catalase activity is positive. Growth occurs at 10-30 uC, at pH 6.0-6.5 and in the presence of 0-1% (w/v) NaCl. Casein, Tween 20, starch, CM-cellulose, xanthine and hypoxanthine are not hydrolysed, whereas hydrolysis of aesculin and degradation of L-tyrosine is observed. In the API 50CH gallery, acid is produced from D-fucose and produced weakly from Dglucose. In the API 20NE gallery, assimilation of D-glucose, N-acetyl-D-glucosamine, potassium gluconate and DLmalic acid is positive and assimilation of L-arabinose is weakly positive; negative for assimilation of D-mannose, D-mannitol, maltose, n-capric acid, sodium citrate and phenylacetate. In Biolog GP2 tests, utilizes a-cyclodextrin, N-acetyl-D-glucosamine, L-arabinose, D-gluconic acid, myo-inositol, lactose, D-mannitol, 3-methyl glucose, b-methyl D-glucoside, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, lactamide, D-lactic acid methyl ester, L-lactic acid, D-malic acid, propionic acid, succinic acid, N-acetyl-L-glutamic acid, L-glutamic acid, L-serine, putrescine, glycerol, thymidine 59-monophosphate, uridine 59-monophosphate, D-glucose 6-phosphate and DL-aglycerol phosphate. In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucuronidase, a-glucosidase and b-glucosidase, weakly positive for trypsin, a-chymotrypsin and b-galactosidase, and negative for lipase (C14), valine arylamidase, cystine arylamidase, a-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. In the API 20NE assay, positive for nitrate/nitrite reduction, activities of arginine hydrolase, urease and b-galactosidase and hydrolysis of aesculin and gelatin; negative for indole production and glucose fermentation. Sensitive to penicillin G, ampicillin, amoxicillin, carbenicillin, cefalotin, cefazolin, cefotiam, cefmetazole, cefoxitin, meropenem, imipenem, erythromycin, clindamycin, tetracycline, minocycline, chloramphenicol, bacteriocin, novobiocin, nalidixic acid, linezolid and rifampicin, intermediately resistant to kanamycin, streptomycin, gentamicin, spectinomycin, lincomycin, vancomycin, aztreonam, neomycin and arbekacin, and resistant to polymyxin B. Polar lipid analysis reveals the presence of phosphatidyl-N-methylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, two unidentified glycophospholipids, an unidentified phospholipid and an unidentified lipid. MK-7 is the predominant menaquinone. The predominant cellular fatty acids are iso-C 15 : 0 and anteiso-C 15 : 0 . The cellwall peptidoglycan contains meso-DAP and glutamic acid, glycine and alanine in addition to muramic acid and glucosamine. The peptidoglycan type is A1c.
The type strain, LL-002 T (5NBRC 110097 T 5CECT 8536 T ), was isolated from organics-and methane-rich seafloor sediment of Kagoshima Bay (ROV Hyper-Dolphin dive #1367; 105 m depth, 31u 39.7469 N 130u 48.0509 E). The G+C content of genomic DNA of the type strain is 46.2 mol%.
